In order to investigate the reinforcing mechanism of geogridreinforced sands considering loading rate, a set of large direct shear tests were conducted under the condition of different normal stresses with different shearing rates. There were 3 different shearing rates to be adopted in the tests, 2 mm/min, 0.2 mm/min and 0.02 mm/min. It is found that the shearing strength of reinforced sands increases along with the increasing of normal stress under constant shearing rate loading. The shear displacement shows positive correlation with normal stress when the shear stress reaches the peak value. As only shearing rate changed, the curves of shear stress and shear displacement almost keep consistent and the peak values of shear stress are nearly same while the shear stress does not reach the peak value. Besides, the relative density of sands has a significant effect on the shearing deformation and strength characteristics of geogrid-reinforced sands.
INTRODUCTION
Due to the advantages of high cost-effectiveness, simple and rapid construction, geosynthetic-reinforced soil structures are increasingly used as permanent structures in the fields of geotechnical, highway, railway, hydraulic and port engineering. For geosynthetic-reinforced sand structures, more or less complicated stress-strain-time behaviors of sands (Lade et al., 2010; Nawir et al., 2003; Tatsuoka et al., 2002) or load-strain-time behaviors of geosynthetics (Bathurst et al., 2009; Ezzein et al., 2015; Kongkitkul et al., 2014) were observed, including loading rate effects, which is the inherent responses due to their viscous properties. Because of the interactions between sands and geosynthetic reinforcements, the rate-dependent behaviors of geogrid-reinforced sands may be very complicated (Li et al., 2012) . Several testing methods are used to investigate the reinforcing mechanism of the soil-geosynthetic interaction, including direct shear test, pull-out test, plane strain test, inclined plane test, and torsional ring shear test . The direct shear test is a widely used technique to study the behavior at the soil-geosynthetic interface. A lot of works on the direct shear behavior of soil-geosynthetic interfaces were conducted under the static loading conditions (Afzali-Nejad et al., 2017; Liu et al., 2010; Vangla and Latha Gali, 2016) or cyclic loading conditions (Ling et al., 2008; Liu et al., 2016; Wang et al., 2016) . However, the studies on the behaviors of geosynthetic-reinforced sands considering the loading rate effects are limited in literature, especially for the interaction between sands and geosynthetics.
In the present study, a set of large direct shear tests on geogrid-reinforced sands were performed considering loading rate. The geogrid-reinforced sands were subjected to monotonic loading at three constant shearing rates. The experimental results indicate that the constant loading rate effects on the shear behavior of the sand-geosynthetics interface are negligible, especially for the pre-peak regime. The peak shear stress and peak shear displacement on the sand-geosynthetics interface are nearly same. In addition, the compactness of sands has a significant effect on the behavior of geosynthetic-reinforced sands.
DIRECT SHEAR TESTS ON GEOGRID-REINFORCED SANDS
A series of direct shear tests on geogrid-reinforced sand were performed to investigate the interface behavior of the soil and the geosynthetic reinforcement. The experimental apparatus used in the direct shear tests on geogrid-reinforced sands is the Shear Trac III Large-scale Direct Shear device designed and built by Geocomp, as shown in FIG.1. The shear box consists of an upper box and a lower box, which are 305 mm× 305 mm and 305 mm× 405 mm in plan respectively. Both the upper and lower boxes are 100 mm in height. The upper box is fixed in the horizontal direction, while the lower box moves horizontally and is driven by the electric motors. This equipment can carry out the direct shear tests with both a constant contact area and a reduced contact area with load-controlled or displacement-controlled. The shearing rate can be varied from 0.00003 to 15 mm/min, which was controlled by the high-accuracy electric motor. The displacements were measured by a linear variable differential transformer with a maximum measurement of 100 mm. Normal stress was applied to the soil by a rigid plate through a hydraulic actuator and a rigid frame. All the measurements were obtained and recorded digitally.
The soil used in the present shear tests was the air-dried Fujian standard sands (specific gravity G s = 2.71, maximum void ratio e max = 0.66, and minimum void ratio e min = 0.39, a uniformity coefficient C u = 5.991 and a curvature coefficient C c = 1.006). The geosynthetic reinforcements used in the tests were a biaxial polypropylene geogrid (FIG. 2) and the technical characteristics of the geogrid are listed in Table 1 . In order to investigate the soil-geosynthetic interface behavior considering loading rate conditions, all of the test models were built in the shear box by tamping air-dried sands in four layers to obtain the same relative density D r , except for the tests considering the influence of soil compactness. Geogrid specimens were secured with screws at the front and rear edges of the lower box outside the shear area. The present shear tests were conducted under monotonic loading condition at normal stresses of 100, 200 and 300 kPa. In the tests, the shearing rate was designated 2 mm/min, 0.2 mm/min or 0.02 mm/min as 3 different loading rates. The displacementcontrolled loading method with a constant contact area was adopted. 
DIRECT SHEAR TEST RESULTS
FIGs. 3(a), 3(b) and 3(c) show the relationships between the shear stress  and the shear displacement s of sand-geosynthetic interface performed at a different normal stresses  v of 100 kPa, 200 kPa and 300 kPa, respectively. For each normal stress, a set of dense specimens were subjected to continuous monotonic loading direst shear at different shearing rates by a factor of up to 100 ( s = 2 mm/min, 0.2 mm/min and 0.02 mm/min), and during each test s was kept constant. In the tests, the dense Fujian sands had similar dry densities. The shear displacement refers to the displacement of the lower shear box. It may be seen from FIG. 3 that the  -s relationships from the tests are very similar, especially for the pre-peak regime. Noticeable loading rate effects can be seen only after some moment during the post-peak softening regime. This difference in the post-peak softening regime was considerably smaller than the overall range in the shearing displacement rate examined (i.e., a factor of 100). The effects of loading rate on the shear stress -displacement behavior can be neglected, especially for the pre-peak regime. This special behavior is same as the trend in the sands under plane strain compression and triaxial compression conditions (Nawir et al., 2003; Tatsuoka et al., 2002) . in FIG. 4 indicate that the effects of shearing rate on the peak shear stress and peak shear displacement upon the sand-geosynthetic interface. It also can be found that the peak shear stress and the peak shear displacement increase as the normal stresses increase linearly. FIG. 5 compares the influence of soil compactness on the interface behavior of geogrid-reinforced sands. All of these tests were performed at the normal stress of 200 kPa, and the shearing rate was 2 mm/min during each test. The soil specimens in shear box were no compacted or compacted as the medium dense (D r  55%) and dense (D r  80%) sands. It can be seen that the shear stressshear displacement exhibits post-peak softening behavior for the dense or medium dense specimens. The peak strength increases with the soil compactness. But the loose specimen does not have this softening characteristic.
CONCLUSIONS
(1) The constant loading rate effects on the shear stress -displacement behavior of the sand-geosynthetic interface are negligible, especially for the pre-peak regime, which is same as the trend in the sands under plane strain compression and triaxial compression conditions.
(2) The peak shear stress and peak shear displacement on the sandgeosynthetics interface are almost same under continuous monotonic loading at different constant shearing rate.
(3) The compactness of sands has a significant effect on the shearing deformation and strength characteristics of geosynthetic-reinforced sands.
